Introduction
Pathogen infection is an important stress encountered by plants, and it induces numerous defence responses. Among them are the synthesis of phytoalexins, the reinforcement of cell wall, and the accumulation of several proteins, such as lytic enzymes, proteinase inhibitors, and pathogenesis-related (PR) proteins. Based on their structural and functional properties, PR proteins were divided into 17 groups. In many cases, PR proteins are extracellular. But PR proteins of class 10 (PR10) which were first described in cultured parsley cells treated by elicitor are intracellular (Somssich et al. 1988) . Generally, PR10 proteins are acidic, with a molecular mass of 16-19 kDa, without signal peptide and resistant to proteases (Walter et al. 1990 ).
PR10 proteins have been reported in a number of species throughout the plant kingdom and have been widely investigated in the study on plant response to pathogens. Several PR10 proteins have shown antimicrobial activity and in vitro ribonuclease activity. It has been reported that Ocatin, a PR10 protein from the Andean tuber oca, took on antibacterial and antifungal activities (Flores et al. 2002) . In antiviral study, CaPR-10 from hot pepper exhibited ribonuclease function (Park et al. 2004) . Recombinant SsPR10 from yellow-fruit nightshade could inhibit P. oryzae hyphal growth .
In the scope of the world, powdery mildew, caused by Uncinula necator (Schw.) Burr., is the most ubiquitously damaging fungal disease to grapevines. Most of Chinese wild Vitis species, particularly in pseudoreticulata W. T. Wang, are resistant to Uncinula necator (Wang et al. 1995) . Thus this wild species becomes an excellent material to study grapevine defence response to pathogens. Based on the cDNA library prepared from highly disease-resistant Vitis pseudoreticulata clone Baihe-35-1 leaves inoculated with Uncinula necator (Xu and Wang. 2006) , the full-length cDNA (designated as VpPR10) and genomic DNA sequence of a PR10 gene (GenBank accession number DQ336289 and DQ396808, respectively) were obtained. The genomic organization of VpPR10 gene and the expression patterns both at mRNA and protein level induced by Uncinula necator under natural field conditions were also studied for offering molecular bases to the study on the defence mechanism of Chinese wild Vitis species to the pathogen.
RNA and DNA isolation
Total RNA isolation and purification were carried out using SDS/phenol method with some modifications (Zhang et al. 2003) . Genomic DNA was isolated using the CTAB protocol (Doyle. 1990 ). The quality and concentration of RNA and DNA samples were examined by agarose gel electrophoresis and spectrophotometrical analysis.
VpPR10 full-length cDNA and genomic DNA sequence cloning A cDNA library was constructed from the total RNA of inoculated leaves using a SMART cDNA library kit (Clontech, USA) according to the manufacturer's instruction. Random sequencing of the library and BLAST analysis of all the EST sequences revealed that one 827 bp EST with full 3' poly (A) tail was homologous to the PR10 genes. The EST sequence was used as a candidate for further cloning of the VpPR10 gene.
To obtain the full-length cDNA of VpPR10, 5'-RACE was carried out using BD SMART TM RACE cDNA Amplification kit (Clontech, USA). The gene specific primer: 5'-TTGGCTGGGGGAACCGAGGAAGT-3' was designed based on the EST sequence. The PCR product was gelpurified, cloned into pGEM-T Easy vector (Promega, USA) and then transformed into DH5α competent cells. The positive clones were sequenced with ABI 3730 sequencing apparatus.
The DNA sequence of VpPR10 was amplified from genomic DNA using primers designed according to VpPR10 cDNA open reading frame (ORF). Primer sequences were as follows: The sense primer was 5'-GCGGATCCATGGGTGT TTTCA-3' and the antisense primer was 5'-GCGTCGACT TAATAGGCATCAGGG-3'. The resulting PCR fragments were cloned and sequenced as described above.
Sequence analysis
The searches for nucleotide and protein sequence similarities were conducted with BLAST algorithm at the National Center for Biotechnology Information (http://www.ncbi.nlm. nih.gov/BLAST/).
The motifs of VpPR10 were searched with ScanProsite tool at Expert Protein Analysis System (http://www. expasy.org/tools/scanprosite/). Multiple alignment of the VpPR10 was performed with the ClustalW Multiple Alignment Program (http://www.ebi.ac.uk/clustalw/) and visualized using GeneDoc program.
DNA gel blot analysis
Genomic DNA was digested with EcoRI, HindIII and XbaI respectively, and the digested DNA was resolved on 0.8% agarose gels. The restriction fragments were transferred onto an Immobilon-Ny+ membrane (Millipore, USA) by upward capillary transfer as described by Sambrooket al. (2000) . The DNA sequence of VpPR10 was used as probe labelling using DIG High Prime DNA Labeling and Detection Starter Kit I (Roche, Germany). The blot was hybridized, blocked, incubated with antibody, stringently washed, and signal generation and detection were performed according to the kit protocols.
Real-time RT-PCR
Quantitative real-time RT-PCR was used to determine the relative mRNA expression levels of VpPR10 with The SuperScript TM III Platinum Two-Step qRT-PCR Kit (Invitrogen, USA). 100 ng total RNA of each sample was used for first-strand cDNA synthesis. Real-time PCR amplification mixture (25 µL) contained 2.5 µL cDNA, 12.5 µL Platinum SYBR Green qPCR SuperMix-UDG, and 400 nM sense and anti-sense gene-specific primer. Reactions were run on a SmartCycler II System (Cepheid, USA) using the recommended cycling parameters of 50 The gene specific primer pairs used for real-time PCR were as follows: VpPR10, 5'-CTGTGATTGACGGAGATGTTTTGAC-3' and 5'-CTTGGTGTGGTACTTTTTGGTGTTC-3'; VpUBC, 5'-TTCCCAATGGCAAGGATGAC-3' and 5'-CACTTGACTTTTGGTGCCTCG-3'.
Construction of GST-VpPR10 recombinant expression vector
The VpPR10 coding region was amplified using PCR primer pairs: 5'-GCGGATCCATGGGTGTTTTCA-3' (added BamHI site underlined) and 5'-GCGTCGACTTAATAGG CATCAGGG-3' (added SalI site underlined). The resulting PCR product was digested by BamHI and SalI and firstly cloned into the pGEM-T Easy vector, then further subcloned into the pGEX-4T-1 vector, creating an in-frame fusion of 159 amino acids of the VpPR10 protein with the GST protein. The pGEX-VpPR10 construct was sequenced to ensure that no mutations were introduced by PCR.
Expression, purification of fusion protein and antibody preparation The pGEX-VpPR10 construct was transformed into E. coli BL21 pLysS strain for protein induction. Expression of the cloned gene was induced with 0.1 mM IPTG at 30
• C for 3 h. The bacterial cells were pelleted after incubation and suspended in SuperE Lysis Solution (Biodee, China). Fusion protein (GST-VpPR10) was purified with GlutathioneSepharose 4B resin (Pharmacia, Sweden) by affinity chromatography. The purified fusion protein was used to immune a New Zealand white rabbit to produce antibody against VpPR10 protein.
Protein extraction and immunoblot analysis
For protein isolation, 500 mg of inoculated leaves were homogenized in 1 mL buffer (100 mM Hepes, pH 7.5, 5 mM EDTA, 5 mM EGTA, 15 mM DTT, 15 mM NaF, 50 mM β-glycerophosphate, 1 mM phenylmethylsulfonyl fluoride, and 10% glycerol), and then incubated for 1 h on ice and centrifuged at 18,000 g for 30 min. The supernatant was transferred into a fresh tube, quickly frozen in liquid nitrogen, For immunoblot analysis, 10 µg of total protein persample were loaded on SDS-PAGE using 4% and 15% polyacrylamide in the stacking and resolving gels, respectively, and electroblotted onto a polyvinylidene difluoride (PVDF) membrane. The membrane was blocked in TTBS (100 mM Tris-HCl, pH 7.5, 0.9% (w/v) NaCl, 0.1%(v/v) Tween-20) containing 5% dry milk for 1 h and then incubated at 4
• C for 1 h with the anti-VpPR10 antiserum diluted 1:1000. The primary antibody was detected with secondary anti-rabbit IgG at room temperature for 1 h, using nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate as substrates.
Results
Isolation of VpPR10 cDNA and genomic DNA sequence Sequencing of Vitis pseudoreticulata clone Baihe-35-1 cDNA library and BLAST analysis of the EST sequences revealed that one 827 bp EST with full 3' poly (A) tail was homologous to the PR10 genes (Xu & Wang. 2006) . 5'-RACE didn't further extend the 5' end of the original EST. Thus this EST has already contained the full length of VpPR10 cDNA. The complete cDNA contained a single ORF spanning 480 bp, flanked by stretches of 79 and 268 bp at the 5' and 3' ends, respectively. One putative polyadenylation signal site was recognized in the 3' flanking region, which was followed by a short poly (A) tail (Fig. 1) . The ORF encoded a polypeptide of 159 amino acid residues with a predicted molecular mass of 17.46 kDa and pI of 6.07.
The genomic VpPR10 sequence was isolated from the Baihe-35-1 genomic DNA using PCR. The resulting sequence indicated the presence of a single intron of 122 bp located in the coding region (Fig. 1) .
Sequence analysis
The VpPR10 protein showed 96% amino acid sequence similarity with one PR10 protein from Vitis quinquangularis, 89% and 79% sequence similarity with two PR10 proteins from Vitis vinifera Ugni Blanc, respectively. VpPR10 is also structurally related to Betula pendula pollen allergen Betv1 (52% similarity). In addition, VpPR10 protein showed 42% sequence similarity with an ABA-responsive protein ABR18 from Pisum sativum (Fig. 2) . Motif search with Scanprosite tool revealed that several motifs existed in VpPR10.
Genomic DNA gel blot analysis
To determine the copy number of VpPR10 in the genome of Vitis pseudoreticulata clone Baihe-35-1, DNA gel blot was carried out. The digested genomic DNA was hybridized with the cloned VpPR10 DNA sequence. In the probe region, there are no EcoRI, HindIII and XbaI restriction sites. More than four hybridized bands, ranging from 2.0 kb to 10.0 kb, were present in each lane (Fig. 3) , suggesting that VpPR10 belongs to a multi-gene family in Chinese wild Vitis.
Quantification of VpPR10 mRNA expression
Quantitative real-time RT-PCR was used to determine the relative mRNA expression level of VpPR10 in Vitis pseudoreticulata clone Baihe-35-1. The temporal expression of VpPR10 after Uncinula necator inoculation was shown in Fig. 4 . There was a constitutive expression of VpPR10 in control leaves. The transcript level of VpPR10 altered at different times after inoculation with Uncinula necator. In inoculated leaves, VpPR10 expression began to decrease after 24 h and reached the lowest level after 72 h. Then it started to increase and it obtained the normal level after 96 h compared with the control. 
Immunoblot analysis of VpPR10 protein expression
To obtain antibodies against VpPR10, the coding sequence of the VpPR10 gene was cloned into pGEX-4T-1 vector and expressed in E. coli. The fusion protein was purified by affinity chromatography (Fig. 5) . Polyclonal antibodies were raised against the recombinant VpPR10 protein in a New Zealand white rabbit. The anti-VpPR10 antiserum was then used to study VpPR10 protein change inUncinula necator inoculated leaves of Baihe-35-1 and the control. On Immunoblots the antiserum recognized a protein migrating at about 17 kDa. The expression level of VpPR10 in control leaves was high and only slightly decreased at 24 h post-inoculation. The level was drastically decreased and was not obviously detectable at 48 and 72 h postinoculation. Then VpPR10 gained a great increase to the normal level at 96 h post-inoculation (Fig. 6) . The expression pattern of VpPR10 protein is similar with that of VpPR10 mRNA.
Discussion
In the present study, the full-length cDNA and genomic DNA sequence of a pathogenesis-related protein 10 gene were cloned and characterized based on the cDNA library of Vitis pseudoreticulata clone Baihe-35-1. Most genes of the PR10 group, including VpPR10, have an open reading frame (ORF) from 456 to 489 bp encoding a polypeptide of 151-162 amino acids with molecular masses of 16-19 kDa and acidic isoelectric point (Walter et al. 1990 ). In VpPR10, the coding region was intervened by a 122bp T-rich sequence (Fig. 1) . Except one subclass of Malus PR10 family which is intronless (Gao et al. 2005 ), PR10 ORF is usually interrupted by an intron of 76-359 bp. Phylogenetic analysis suggested a possible common origin of the intron position in these homologous proteins at codon 62 in various families of flowering plants. The exon-intron formation is highly conserved throughout PR10 proteins and this may point to a structure/function relationship (HoffmannSommergruber et al. 1997) .
One obstacle confounding the functional study of PR10 proteins is the presence of many members of this divergent family in a single species (Liu & Ekramoddoullah. 2006) . DNA gel blot analysis of VpPR10 showed several hybridized bands in each lane, indicating that there are multiple copies of VpPR10 genes in theVitis pseudoreticulata clone Baihe-35-1 genome (Fig. 3) .
The ability of plants to cope with a variety of biotic and abiotic stress depends on the number of proteins which are up-and down-regulated. The induced expression of PR10 genes in response to attacks by fungus pathogens has been widely investigated. For example, the blast pathogen (Magnaporthe grisea) specifically elicited the accumulation of JIOsPR10 mRNA in rice leaves (Jwa et al. 2001) . In Lithospermum erythrorhizon, pathogen infection with bacteria (Erwinia stewartii and Pseudomonas syringae) and fungi (Aspergillus nidulans and Penicillium funiculosum) strongly induced LePR1 transcripts in inoculated leaves. Furthermore, the LePR1 gene was activated in leaves that were distant from the inoculated leaves. These results demonstrate that the LePR1 gene is systemically affected and activated upon infection by a broad range of pathogens (Hwang et al. 2003) . In contrast, in the present study, the VpPR10 was constitutively expressed in uninoculated leaves both at mRNA and protein levels. Expression significantly decreased from 48 to 72 h post-inoculation, and then rapidly accumulated to the normal level during the following 24 h. The dynamic change also suggests that the expression of VpPR10 gene was regulated at the transcription level. In addition, there is evidence that a decrease of PR10 transcripts and protein accumulation in yellow lupine root nodules between 9 and 30 days after inoculation with Bradyrhizobium sp. (Lupinus) and a return to a high level in senescent nodules 36 days after infection was observed (Sikorski et al. 1999) . The regulation of transcription has proved to play a very important role in mediating signal transduction in response to biotic stress in plant cells. The dynamic change ofPR10 gene expression depends on the balance between increase and decrease of various upstream components of the signalling pathway, including transcription factors that ultimately result in changes in gene expression. Furthermore, the decrease of the PR10 gene expression maybe enhances the expression level of other PRs gene. This results in the improved tolerance to biotic stress, indicating that PR10 proteins might be associated with the regulation of signal transduction pathway. Although many PR10 proteins have been identified in the response of plants to biotic stress, the details of involvement of a mediated regulatory module are yet to be established.
The biological functions of PR10 proteins remain unclear. Despite reports of their resistance to some stimuli, there are also reports showing different results. For example, transgenic potato plants over-expressing the PR10 gene were reported to have no enhanced resistance to the pathogens Phytophthora infestans and potato virus X (Constabel et al. 1993) , and constitutive expression of pea PR10.1 in transgenic canola did not result in enhanced resistance to blackleg (Wang et al. 1999 ). In addition, PR10 protein Mal d 1 in apple has the ability to bind to another protein MdAP (Püehringer et al. 2003) . The PR10 proteins homologue, Betv1 (Mogensen et al. 2002) , and birch PR10c (Koistinen et al. 2005) have been found to interact with several biologically important molecules. Studies in the regulation of PR-10a expression in potato revealed that the phosphorylation of the nuclear factor PBF-1 (Despres et al. 1995) and the single-stranded DNA binding factor PBF-2 (Desveaux et al. 2000) could activatePR-10a while single-stranded DNA binding protein SEBF (Boyle & Brisson. 2001 ) could repress PR-10a expression. These results suggest that there is a complex network to modulate PR10 genes expression. As for VpPR10, further studies are in progress to elucidate how it is regulated and to what extent it involves in the defence response of Vitis pseudoreticulata clone Baihe-35-1 to the pathogen infection.
